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FOREWORD 


This  report  was  prepared  by  the  Illinois  State  Geological  Survey 
in  Urbana,  Illinois,  under  USBM  contract  number  H0242017.   The  contract 
was  administered  by  the  ground  control  program  under  the  technical 
direction  of  the  Denver  office  with  Mr,  Douglas  Bolstad  acting  as 
technical  project  officer.   Mr.  David  Askin  was  the  contract  admini- 
strator for  the  Bureau  of  Mines.   The  contract  extended  from  March  1974 
through  February  1976,  but  results  from  work  beyond  that  date  are  also 
included.   This  report  was  submitted  by  the  authors  on  February  6,  1978, 
and  was  resubmitted  after  revisions  in  June  1979. 

We  wish  to  extend  special  thanks  to  the  numerous  coal  company  officials 
and  employees  who  assisted  our  work  by  opening  their  mines  to  our  study, 
acted  as  guides,  and  provided  great  amounts  of  valuable  information.   We  want 
to  acknowledge  the  many  Survey  staff  members,  not  listed  as  authors,  who  con- 
tributed to  the  work,  in  particular:   M.  E.  Hopkins,  who  initiated  the  roof 
study,  Harold  J.  Gluskoter,  William  H.  Smith,  Lawrence  E.  Bengal,  Roger  B. 
Nance,  and  George  J.  Allgaier.   The  core  testing  was  carried  out  by  Mr.  Caner 
Zanback  under  the  supervision  of  Dr.  Lester  S.  Fruth,  both  of  the  Department 
of  Geology  at  the  University  of  Illinois,  Urbana.   Without  the  help  of  these, 
and  many  others,  this  report  would  not  have  been  possible. 
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INTRODUCTION 


Every  year  roughly  half  the  injuries  in  American  coal  mines  are 
caused  by  falls  of  roof  and  rib.   The  geologic  composition  of  roof 
rock  strata  has  an  important  bearing  on  the  stability  of  roof  and 
rib,  but  the  relationship  is  poorly  understood.   Therefore,  the  U.S. 
Bureau  of  Mines  has  supported  a  number  of  studies  on  the  influence 
of  geologic  factors  on  roof  stability. 

The  Illinois  State  Geological  Survey  has  collected  data  that 
applies  to  such  research,  but  this  study  is  more  systematic  and 
intensive  than  any  previously  attempted.   The  financial  support  of 
the  U.S.  Bureau  of  Mines  (contract  no.  H0242017)  between  1974  and 
1976  allowed  the  research  that  is  reported  here.   Roof  studies  continue 
to  receive  high  priority  in  the  Survey's  coal-related  programs. 

The  Herrin  (No.  6)  Coal  was  the  most  appropriate  for  this  study 
because  it  provides  roughly  80  percent  of  the  state's  current  coal 
production  and  almost  half  of  the  coal  resources  of  Illinois.   Most 
of  this  coal  (85  to  90  percent)  lies  at  depths  greater  than  150  feet 
(50  m)  and  can  be  recovered  only  by  underground  mining. 

Objectives  of  this  study  were  to  find  and  describe  the  geologic 
factors  that  influence  roof  conditions  in  underground  mines.   The 
primary  method  of  study  was  detailed  mapping  in  mines,  supplemented 
by  regional  computer  mapping  using  drill-hole  data,  close-range 
photogrammetry,  physical  testing  of  core  samples,  and  clay  mineralogical 
investigations  of  roof  material. 

Over  a  period  of  three  years,  a  large  volume  of  data  has  been 
generated.   The  results  are  therefore  reported  in  two  volumes.   Volume 
1  is  a  summary  for  general  use  of  the  major  findings  and  conclusions. 
Volume  2  includes  a  detailed  account  of  the  method  of  study,  the  data 
gathered,  and  the  conclusions  reached. 

The  geologic  setting  of  the  Illinois  Basin  Coal  Field 

The  Illinois  Basin  Coal  Field  covers  more  than  65  percent  of  the 
state  of  Illinois,  along  with  adjacent  portions  of  southwestern  Indiana 
and  western  Kentucky.   All  commercial  coal  in  the  Illinois  Basin  Coal  Field 
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occurs  in  strata  of  the  Pennsylvanian  System.   In  Illinois,  92  percent 
of  the  identified  resources  lie  in  the  Carbondale  Formation  (fig.  1). 
The  Herrin  (No.  6)  Coal  Member  of  the  Carbondale  Formation  accounts  for 
42  percent  of  the  coal  resources  and  80  percent  of  the  current  production 
in  Illinois  (Smith  and  Stall,  1975). 

The  Herrin  (No.  6)  Coal  subcrops  around  the  margin  of  the  Illinois 
Basin  Coal  Field  and  attains  a  maximum  depth  of  about  1300  feet  (about 
400  m)  in  the  Fairfield  Basin  (fig.  2)  in  Wayne  County  (Allgaier  and 
Hopkins,  1975).   The  coal,  dips  gently  toward  the  center  of  the  basin 
and  is  essentially  flat-Lying  through  most  of  its  range.   Inclination 
rarely  exceeds  1  to  2  percent  except  along  the  La  Salle  Anticlinal  Belt 
in  eastern  Illinois,  the  Du  Quoin  Monocline,  and  the  Cottage  Grove 
Fault  System  in  southern  Illin6is,  where  dips  exceeding  15  degrees  have 
been  recorded. 


MEMBERS 


Donvdie  (No  7)  C 
Golum    Ls 
Al I enby  C 
Bonkston   Fork  Ls 

Anvil   Rock  Ss 
Lowson  Sh 

Conont  Ls 
Jamestown  C 
Brereton   Ls 
Anno    Sh 
Herrm  (Mo6>  C 


Ver 


ill onviiie  Ss 


Briar   Hiii    (  No  5A)  C 

Canton  Sh 
Si    Dov.tl   Ls 
Dykersburg   Sh 
Harnsburq  (  No. 5)  C 
Covel  Cgi 

Hanover    Ls 
Enceiio  Sh 
Summum    (No4)  C 
Breezy  Hill   Ls 
Roodhouse  C 
Pieasaniview  Ss. 
Purmgton   Sh 
Shawneetown  C 

Oak  Grove  Ls 
Mecco  Quarry  Sh 
Jake  Creek  Ss. 
Erancis   Creek  Sh 
Cardiff  C 
Colchester  (No  2)  C. 


Figure  1 . 


Energy    Shole 
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Stratigraphic  sectirn  of  the  Carbondale  Forma- 
tion, Kewanee  Group,  showing  the  positions  of 
the  most  important  coals  within  the  Pennsylva- 
nian System  in   Illinois.   (After  W.   H.  Smith, 
1975.) 


The  Herrin  (No.  6) 
Coal  is  the  most  widespread 
coal  in  Illinois  and  exceeds 
a  thickness  of  60  inches 
(1.52  m)  over  broad  areas 
(fig.  3).   The  coal  rank 
has  been  determined  to  be 
high-volatile  A,  B,  and  C 
bituminous  and  has  a  sulfur 
content  normally  varying 
from  3  to  5  percent.   In  the 
"Quality  Circle"  area  of 
Franklin  and  Williamson 
Counties  in  southern  Illinois 
(fig.  3),  a  maximum  coal  thick- 
ness of  about  14  feet  (4.3  m) 
has  been  reported,  and  the 
sulfur  content  ranges  from 
less  than  1  to  2  percent.   Some 
of  this  low-sulfur  coal  is  of 
the  quality  used  for  manufac- 
turing metallurgical  coke  in 
blends  with  higher-ranked  coal. 

The  general  sequence  of 
rocks  overlying  the  Herrin 
(No.  6)  Coal  is  shown  in  figure 
4.   Although  a  wide  variety  of 
lithologies  and  deposits  of 
various  geologic  environments 
are  represented,  two  major  roof 
rock  assemblages  have  been 
studied  in  detail.   One  is 
the  gray  shale  roof  type 
comprising  the  Energy  Shale 
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Figure  2.      Geologic  structures  of  Illinois. 
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Figure  3.      Distribution  of  the  Herrin  (No.  6)  Coal  in  Illinois. 
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Figure  4.      Schematic  section  of  the  interval  between  the  Herrin  (No.  6)  Coal  Member  and  the  Piasa  Limestone  Member.  (After 
G.  J.  Allgaier,  June  1974.) 


Member  and  the  sandstones,  siltstones,  and  shales  in  the  Walshville  channel 
(left  side,  fig.  4).   The  other  roof  type  is  the  black  shale-limestone  roof 
type,   an  assemblage  including  the  Anna  Shale  Member  and  overlying  units 
(right  side,  fig.  4).   Distinctive  lithologic  and  structural  assemblages 
and  a  variety  of  mining  and  roof  conditions  are  associated  with  the  two 
major  roof  rock  types. 

The  sediments  of  the  Energy  Shale  associated  with  the  Walshville 
channel  form  the  gray  shale  roof  type.   They  are  believed  to  be  deposits 
of  a  major  river  system  that  existed  contemporaneously  with  peat  accumu- 
lation.  In  the  Walshville  channel  itself,  the  Herrin  (No.  6)  Coal  is 
absent.   Along  the  channel  margins  the  coal  is  generally  split.   Flanking 
the  channel,  the  coal  is  overlain  by  gray  shale,  siltstones,  and  sandstones 
of  the  Energy  Shale  Member.   The  Energy  Shale  attains  a  maximum  thickness 
of  about  100  feet  (30  m)  and  laterally  decreases  in  thickness  away  from 
the  Walshville  channel.   Overlying  the  Energy  Shale  are  marine  strata  of 
the  black  shale-limestone  roof  type,  which  tend  to  be  lenticular  or  pinch 
out  as  the  Energy  Shale  thickens.   Where  the  Energy  Shale  is  absent,  the 
black  shale-limestone  sequence  forms  the  immediate  coal  roof. 

A  close  interdependence  exists  between  the  sulfur  content  of  the  coal 
and  the  characteristics  of  overlying  strata.   Where  the  nonmarine  Energy 
Shale  is  more  than  about  20  feet  (6  m)  thick,  the  coal  has  a  relatively 
low  content  of  sulfur.   This  relationship  has  been  observed  in  several  areas 
and  is  particularly  notable  in  the  "Quality  Circle"  area  of  southern  Illinois 
It  is  supposed  that  the  Energy  Shale  represents  crevasse-splay  and  overbank 
deposits  from  the  river  that  formed  the  Walshville  channel  and  that  the 
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deposits  covered  the  coal-forming  plant  material  before  marine  ingression 
and  protected  it  against  implacement  of  sulfur  (Gluskoter  and  Hopkins, 
1970). 

The  black  shale-limestone  roof  type  includes  seven  named  strati- 
graphic  rock  members  relevant  to  mine  roof  stability  (fig.  4).   All  are 
highly  persistent  regionally,  but  show  considerable  local  variability. 
The  lowest  member  is  the  Anna  Shale  Member,  typically  a  black,  carbona- 
ceous, phosphatic,  fissile  shale,  rarely  exceeding  5  feet  (1.5  m)  in 
thickness.   The  Anna  Shale  is  thought  to  represent  deposition  in  shallow 
lagoonal  environments.   Overlying  is  the  Brereton  Limestone  Member,  a 
generally  fine-grained,  argillaceous,  fossilif erous  rock  representing 
more  open  marine  conditions.   In  southwestern  Illinois,  its  thickness 
may  exceed  18  feet  (5.5  m) ,  but  4  to  5  feet  (1.2  to  1.5  m)  is  more 
common.   The  Jamestown  Coal  Member  is  thin  but  widespread  in  most  of 
Illinois,  increasing  to  minable  thickness  in  extreme  eastern  Illinois 
and  western  Indiana.   Where  the  Jamestown  Coal  is  thin,  the  interval 
between  the  underlying  and  overlying  members  includes  not  only  coal, 
but  also  a  distinctive  dark-gray  carbonaceous  shale  containing  nodules 
of  chert  and  small  lenses  of  medium-gray  limestone,  probably  of  fresh- 
water origin.   This  interval  is  referred  to  as  the  "Jamestown  Coal 
interval"  in  this  study. 

The  overlying  Conant  Limestone  Member  appears  to  be  lithologically 
similar  to  the  Brereton  Limestone;  however,  it  is  thinner,  about  6  feet 
(1.8  m)  at  maximum,  but  typically  less  than  1.5  feet  (0.32  m) .   Next  in 
sequence  are  the  Lawson  Shale  and  the  Anvil  Rock  Sandstone  Members,  highly 
heterogeneous  facies  equivalents.   They  include  generally  mottled,  greenish 
shales  and  claystones;  locally  calcareous  shale  with  marine  fossils;  firm, 
gray,  silty  shales;  siltstones;  sandstones;  and,  in  places,  conglomerates. 
A  well-developed  channel  system  of  the  Anvil  Rock  Sandstone  has  been  mapped 
in  which  underlying  strata  locally  including  the  Herrin  (No.  6)  Coal  were 
eroded.   Channels  filled  by  Anvil  Rock  Sandstone  are  shown  in  figure  3. 

The  highest  stratigraphic  member  exposed  in  many  roof  falls  of  under- 
ground mines  is  the  Bankston  Fork  Limestone.   Most  often  it  consists  of 
several  benches  of  light-gray  to  buff,  fine-grained,  nodular  limestone, 
interstratif ied  with  one  or  more  bands  or  layers  of  mottled  greenish  shale 
or  claystone.  Its  fauna  of  mainly  brachiopods  and  fusulinids  demonstrates 
open-marine  environment  of  deposition. 


Techniques  employed 

A  variety  of  techniques  have  been  employed  to  analyze  and  describe 
the  relationship  between  geologic  conditions  and  mine-roof  stability, 
including: 

1.  Detailed  geologic  mapping  within  selected  study  areas  in  underground 
mines 

2.  Regional  computer  mapping  using  drill-hole  data 

3.  Close-range  photogrammetry 


-7- 


4.  Core  drilling  in  underground  mines 

5.  Laboratory  testing  of  drill  cores 

6.  Clay  mineralogy  studies 

The  in-mine  mapping  was  the  most  significant  and  also  most  time- 
consuming  work  performed  in  this  study.   Seven  selected  study  areas  in 
three  underground  coal  mines  were  mapped  in  detail.   The  base  maps, 
generally  at  a  scale  of  1:1200,  were  provided  by  the  mining  companies. 
Within  each  mapping  area  all  accessible  mine  headings  were  walked,  and 
all  features  were  plotted  directly  on  the  base  maps.   The  features  mapped 
included  all  geologic  structures  such  as  faults,  joints,  rolls,  and  clay 
dikes;  the  lithology  of  the  immediate  roof;  the  observed  sequence  of 
roof  strata;  and  the  roof  falls.   Various  combination  and  compilation 
maps  were  prepared  from  the  field  maps. 

Regional  computer  mapping  was  applied  to  23  counties  where  reserves  of 
the  Herrin  (No.  6)  Coal  are  significantly  large  (fig.  5).   Data  on  thickness 
and  elevation  were  evaluated  for  all  rock  units  from  the  Herrin  (No.  6)  Coal 


Herrin  (No.  6)  Coal  subcrop  line         ,5 


County  compilation  completed 


40  mi 


50  km 


Figure  5.      Area  in  the  southern  half  of  Illinois  for  which  data  on  thickness  and  facies  of  roof  strata  above  the  Herrin  (No.  6)  Coal 
extending  up  to  the  Piasa  Limestone  were  collected  and  compiled  in  computer-processible  form. 
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through  the  Piasa  Limestone  Member  (fig.  4),  using  thousands  of  core 
descriptions,  drillers'  logs,  and  geophysical  logs  from  the  drill-hole 
record  library  at  the  Illinois  State  Geological  Survey  (ISGS) .   An 
average  of  about  one  hole  for  each  two  square  miles  was  used.   The 
maps  were  computer-generated  using  GEOMAPS,  a  program  package  developed 
by  the  Illinois  State  Geological  Survey  from  ILLIMAP  (Swann  et  al.,  1970), 
and  STAMPEDE  (IBM  Corp.,  1968). 

Maps  generated  include  structural  contour  maps  of  the  top  or  base 
of  the  coal,  maps  showing  thicknesses  of  the  significant  roof  rock  units, 
and  maps  showing  thicknesses  of  particular  rock  intervals  of  specific 
interest  for  the  study,  such  as  the  interval  from  the  top  of  the  coal 
to  the  base  of  the  first  competent  limestone  bed.   In  addition,  the 
computer  was  employed  to  produce  structural  contour  maps  of  coal  seams 
at  the  mines  selected  for  detailed  mapping. 

A  close-range  photogrammetric  technique  was  developed  to  collect 
information  on  orientation  of  cleats,  joints,  and  shear  planes  in  areas 
that  were  too  steep  or  dangerous  for  direct  approach  and  measurements. 
It  was  also  used  to  map  an  advancing  strip-mine  highwall  to  obtain  a 
three-dimensional  picture  of  the  shape  of  roof  rock  bodies.   (Details 
on  photogrammetry  are  presented  in  volume  2  and  in  Brandow  et  al.,  1975). 

A  limited  amount  of  core  in  underground  mines  was  drilled  to  obtain  fresh 
samples  for  testing  unconfined  compressive  strength  and  Young's  modulus.   A 
total  of  six  cores  were  taken:   three  of  roof  rock,  one  horizontal  core  of 
coal,  and  two  horizontal  cores  of  a  large  sandstone  roll. 

A  variety  of  mechanical,  optical,  chemical,  radiographical,  and  x-ray 
diffraction  analyses  were  performed  for  clay-mineralogy  studies  of  roof 
and  floor  shales.   Rock  properties  tested  included  grain  and  particle  size, 
clay  mineralogy,  Atterberg  limits,  slake  durability,  orientation  of  clay 
minerals,  texture,  and  internal  structure.   Details  are  presented  in  volume  2. 

ROOF  TYPES  OF  THE  HERRIN  (NO.  6)  COAL  MEMBER  IN  ILLINOIS 

Two  major  roof  types  overlie  the  Herrin  (No.  6)  Coal  in  Illinois.   The 
gray  shale  roof  type  comprises  primarily  gray,  nonmarine  sandstones,  silt- 
stones,  and  shales  of  the  Energy  Shale  Member.   The  black  shale-limestone 
roof  type  includes  both  marine  and  nonmarine  deposits  of  the  Anna  Shale 
and  overlying  stratigraphic  units,   A  third  type  is  transitional,  having 
components  of  both  gray  shale  and  black  shale-limestone  roof  types.   For 
this  investigation,  we  designated  study  areas  1  through  3  (in  mine  A)  under 
black  shale-limestone  roof  and  study  areas  4  and  5  (in  mine  B)  and  6  and  7 
(in  mine  C)  under  gray  shale  roof  for  detailed  examination  and  mapping.   No 
transitional  roof  areas  were  mapped  or  studied  closely. 

The  gray  shale  roof  type  and  the  black  shale-limestone  roof  type  are 
distinct  lithologically  and  each  contains  unique  and  distinctive  structural 
deformation  features.   These  associations  between  structure  and  lithology 
lead  to  specific  patterns  of  mine  roof  stability  for  each  roof  type. 


Gray  shale  roof  types 

Three  distinct  dominant  facies  of  the  Energy  Shale  were  recognized 
and  mapped: 

1.  Dark-gray  shale  facies  (at  base) 

2.  Medium-gray  shale  facies 

3.  Planar-bedded  siltstone  and  sandstone 

The  dark-gray  shale  facies  is  the  lowest  stratigraphically ,  forming  the 
immediate  roof  in  large  areas  of  mine  B.   Its  thickness  ranges  from 
zero  to  five  feet  (0  to  1.5  m)  and  is  most  commonly  less  than  two  feet 
(0.6  m)  thick.   It  is  conformably  overlain  by  medium-gray  shale.   The 
dark-gray  shale  ranges  from  medium-dark  gray  to  almost  black;  its  dark  color 
results  from  abundant,  finely  dispersed,  carbonaceous  debris.   It  is  hard,  smooth, 
and  generally  narrowly  laminated.   The  presence  of  fossils,  including  small  pec- 
tinoid  pelecypods  and  Anthracosiidae ,  indicates  a  deposit  in  fresh  to  brackish  water, 

Jointing  in  the  dark-gray  shale  generally  is  much  more  regular  and 
closely  spaced  than  in  the  other  Energy  Shale  facies.   The  dark-gray  shale 
is  variable  with  regard  to  roof  stability.   Over  wide  areas  it  is  stable, 
but  in  some  places,  where  it  acts  as  a  "draw  slate,"  roof  falls  can  occur, 
particularly  where  the  shale  is  thick. 

Medium-gray  shale  is  the  dominant  facies  of  the  Energy  Shale.   It  overlies 
the  dark-gray  shale  in  mine  B  and  forms  the  immediate  roof  in  much  of  mine  C. 
Medium-gray  shale  may  attain  thicknesses  of  50  feet  (15  m)  or  more.   It 
contains  much  less  carbonaceous  material  than  the  dark  gray  shale,  and 
laminations  and  joints  are  distinctive  or  absent.   In  some  places  mica 
and  plant  debris  coating  the  bedding  planes  permit  the  mine  roof  to  sepa- 
rate in  layers  and  to  break  in  large  slabs,  but  elsewhere  the  rock  is  a 
massive  mudstone  that  forms  a  stable  roof,  except  where  structural  anomalies 
or  deformational  features  are  present.   The  medium-gray  shale  is  susceptible 
to  moisture  slaking,  and  over  long  periods  of  time  large  falls  may  develop, 
although  the  shale  generally  is  stable. 

The  medium-gray  shale  may  grade  both  laterally  and  vertically  into 
silty  shale,  siltstone,  and  sandstone;  however,  the  planar-bedded   siltstone 
and  sandstone  mapped  in  mine  C  is  a  distinct  facies  that  was  deposited  adja- 
cent to  the  Walshville  channel.   It  overlies  the  medium-gray  shale  with  a 
sharp,  apparently  unconformable  contact,  and  in  part  of  the  study  area  the 
shale  is  absent  and  sandstone  rests  directly  on  the  coal. 

The  planar-bedded  siltstone  and  sandstone  is  marked  by  closely 
spaced  regular  partings  of  coarse  mica  and  carbonaceous  plant  debris  on 
bedding  surfaces.   The  rock  easily  splits  and  separates  along  those  part- 
ings, and  spectacular  roof  falls  are  common  (fig.  6).   In  addition,  the 
sandstone  may  contain  water,  which  weakens  the  underlying  medium-gray  shale 
and  promotes  more  falls;  the  seepage  or  flow  of  water  into  mining  areas  causes 
serious  problems. 

Any  of  the  Energy  Shale  facies  described  may  be  underlain  by  a  basal 
carbonaceous  layer  containing  abundant  coalified  plant  debris,  including 
some  that  may  be  hazardous  to  miners,  such  as  fossilized  tree  stumps,  whose 
cores  may  fall  out  of  the  roof.   The  entire  basal  layer  is  generally  unstable, 
but  is  thin  enough  (less  than  a  foot)  to  be  relatively  unimportant  to  over- 
all roof  stability. 
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Rolls,  protrusions  of  roof  material  into  coal,  are  the  most  typical 
and  widespread  structural  features  of  coal  and  roof  in  areas  where  the 
gray  shale  overlies  the  coal.   Most  rolls  are  elongate,  linear  features 
shaped  roughly  like  footballs  in  cross  section  (fig.  7).   The  length  of 
rolls  may  reach  several  hundred  feet,  the  width  ranges  from  a  few  inches 
to  about  a  hundred  feet,  and  thickness  ranges  from  a  few  inches  to  the 
height  of  the  coal  seam.   Most  rolls  observed  in  our  studies  are  asym- 
metrical and  have  a  blunt  "toe"  along  which  a  splayed-out  coal  "rider" 
curves  upward  into  the  roof.   At  the  "tail"  end  of  the  roll,  coal  riders 
are  poorly  developed,  but  large  slickensided  compactional  faults  are 
common.   The  combination  of  coal  riders  and  faults  seriously  weakens  the 
roof  above  the  main  body  of  the  roll,  which  may  break  down  as  soon  as  it 
is  undermined. 

Rolls  are  abimdant  in  areas  of  medium-gray  shale  and  planar-bedded 
siltstone  and  sandstone  roof,  but  they  are  small  and  rare  where  dark-gray 
shale  forms  the  immediate  roof.   The  lithologic  material  of  the  roll  is 
usually  the  same  as  the  material  forming  the  roof  above  the  roll.   The 
interior  bedding  of  the  roll  commonly  is  distorted,  especially  at  and  near 
the  "tee"  of  the  roll.   The  rolls  in  figures  8  through  12  are  typical. 

Rolls  at  mine  B  tend  to  strike  parallel  with  boundaries  between  medium- 
gray  shale  and  dark-gray  shale  (figs.  13-15).   A  pattern  of  sandstone  rolls 
in  mine  C  is  less  apparent,  but  there  is  a  general  trend  for  rolls  to  strike 
parallel  to  the  edge  of  the  sandstone  roof  area  (fig.  16). 

The  internal  structure  and  mapped  distribution  and  orientation  of  rolls 
suggest   that  they  are  load  structures  that  formed  as  slump  features  in  which 
soft  sediments  squeezed  into  the  upper  layers  of  the  coal-forming  material. 
No  indications  of  coal  erosion  have  been  found  that  indicate  the  rolls 
originated  as  in-filled  stream  channels. 

Slips  and  small  faults  not  associated  with  rolls  are  common  throughout 
the  mapped  areas  in  the  gray  shale  roof  type.   The  maximum  displacement  along 
these  small  faults  is  two  to  three  feet  (0.6  to  0.9  m) ,  but  commonly  it  is 
much  less.  Generally, small  faults  die  out  within  the  coal  seam,  and  rarely 
do  they  extend  far  into  the  roof  strata.   Their  orientation  may  be  roughly 
parallel  to  boundaries  of  facies-changes,  but  in  contrast  to  those  in  the 
black  shale  roof  type,  many  of  the  slips  and  small  faults  in  the  gray  shale 
roof  type  show  no  preferred  orientation.   All  indications  are  that  these  slips 
resulted  from  differential  compaction  of  the  sediments.   Slips  and  small  faults 
locally  may  be  a  roof  hazard,  especially  where  two  or  more  intersect  above 
the  coal  seam. 

A  large  body  of  pervasively  sheared  roof  rock  was  encountered  in  study 
area  5,  mine  B   (fig.   15).   This  rock  body,  herein  termed  a  "shear  body," 
is  more  than  2500  feet  (760  m)  long,  200  to  300  feet  (60  to  90  m)  wide,  and 
at  least  30  feet  (9  m)  thick.   It  is  irregular  in  outline,  trending  roughly 
east  and  west  through  the  study  area.   The  lower  boundary  is  a  series  of  shear 
planes  (figs.  17,  18)  that  are  almost  parallel  to  bedding  and  lie  on  or  close 
to  the  top  of  the  coal  in  the  heart  of  the  shear  body.   They  curve  upward  into 
the  roof  along  its  margins.   The  coal  and  rock  below  the  shear  body  are  almost 
undeformed.   The  formation  of  the  shear  body  postdates  formation  of  rolls,  as 
indicated  by  truncation  of  the  tops  of  rolls  by  the  shear  body  (fig.  19). 
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Figure  6.         Roof  fall  in  planar-bedded  sandstone  of  the  Energy  Shale  Member.  Bedding  surfaces  are  coated  with  mica  and  coalified 
plant  fragments.  No  prominent  joints  are  visible.  Sandstone  failed  and  broke  almost  straight  up  along  the  pillar  rib. 
Location:  "Quality  Circle,"  near  Walshville  channel,  mine  C. 
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Figure  7.  Sketch  of  typical  roll  (soft-sediment  protrusion  of  clastic  materials  into  surrounding  sediments— coal,  shales,  siltstones, 

and  sandstones). 
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Figure  8.  Roll  of  medium-gray  shale  of  the  Energy  Shale  Member  intruded  into  top  layers  of  the  Herrin  (No.  6)  Coal.  Toe  (at 
the  left)  splits  folded  coal  strata  into  several  stringers.  Tail  has  been  truncated  by  compactional  normal  fault  (at  the 
right).  The  rod  is  about  4  feet  (1.2  m)  long.  Location:  "Quality  Circle." 


Figure  9.  Large  roll  (10  feet  |3  m  |  wide)  of  siltstone  material.  The  toe  of  the  roll  displays  slight  soft-sediment  deformation.  Coal 

"rider"  extends  over  two-thirds  of  the  roll.  Location:  "Quality  Circle,"  southern  Illinois,  mine  C. 


Figure  10.     Roll  in  planar-bedded  silt- 
stone  and  sandstone  of 
the  Energy  Shale  Member. 
Near  the  toe  of  the  roll 
(arrow),   recumbent  soft- 
sediment  folds  and  low- 
angle  shear  planes  are  vis- 
ible. These  features  suggest 
that   the  silt   and  sand 
filling  the   roll    intruded 
from  right  to  left  between 
the  layers  of  peat.  (Note 
the  coal  "rider"  originating 
at  the  toe  and  extending 
almost  entirely  over  the 
roll.)  The  large  low-angle 
slips  at  the  tail  of  the  rolls 
may  have  formed  later  by 
differential  compaction. 


Figure  11.       Detail  of  figure 
10. 


Figure  12.       Detail  of  figure 
11. 
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Figure  13.       Lithologv,  structural  features,  and  roof  falls  of  the  Hernn  (No.  6)  Coal  and  its  immediate  roof  rocks  in  study  area  4, 
mine  B.  The  immediate  roof  strata  are  Energy  Shale,  lower  portion  (not  stippled)  dark-gray  shale  and  upper  portion 
Istippled)  medium-gray  shale.  The  majority  of  rolls  and  faults  occur  in  medium-gray  shale,  whereas  all  but  one  of  the 
roof  falls  and  other  features  of  instability  (e.g.,  kink  zones  and  rib  rashing)  are  distributed  in  areas  of  dark-gray  shale. 
Jointing  is  also  much  more  prominent  in  the  well-bedded  dark-gray  shale.  Grid  interval  is  200  feet  (61  m). 
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Figure  14.       Distribution  of  soft-sediment  rolls  with  associated  minor  faults  in  relation  to  the  lithology  of  the  immediate  roof  and 
roof  falls  of  Herrin  (No.  6)  Coal  in  study  area  5,  mine  B.  The  map  displays  the  close  interdependence  of  soft-sediment 
structural  features,  mainly  rolls  and  slips,  with  the  distribution  and  lateral  boundaries  of  the  Energy  Shale  roof  strata. 
Although  the  immediate  roof  in  areas  of  medium-gray  shale  with  rolls  and  slips  commonly  is  very  rough  and  irregular, 
the  roof  falls  are  more  abundant  in  areas  of  dark-gray  shale.  Roof  falls  in  areas  of  medium-gray  shale  occur  mainly 
within  the  shear  body.  Grid  interval  is  200  feet  (61  m). 
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Figure  15.       Outline  and  major  shear  structures  of  the  shear  body  in  study  area  5,  mine  B.  Roof  falls  have  occurred  most  often  in 
the  area  of  the  shear  body  and  to  a  lesser  degree  under  dark-gray  shale,  in  the  immediate  vicinity  of  the  shear  body. 
Deformational  features  older  than  the  shear  body  have  not  been  drawn  on  this  map,  but  can  be  compared  in  their 
interrelationship  to  lithologic  differences  in  figure  14.  The  shear  body  is  not  restricted  to  a  particular  lithology  but 
affects  dark-gray  shale  and  medium-gray  shale  and,  locally,  the  top  of  the  Herrin  (No.  6)  Coal  as  well.  Grid  interval  is 
200  feet  (61  m). 
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Figure  16.       Lithology,  rolls,  and  fault  structures  of  the  Herrin  (No.  6)  Coal  and  its  immediate  roof  strata  and  the  distribution  of 
roof  falls,  other  induced  instabilities,  and  additional  roof  support  (timber  and  cribs)  in  the  area  below  siltstone  and 
sandstone  with  water  seepage  (wet).  Study  area  7,  mine  C.  Grid  interval  is  200  feet  (61  m). 
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Figure  17.       Almost  undisturbed  Herrin  (No.  6)  Coal  and  some  beds  of  finely  laminated  silty  shale  truncated  by  a  northward-dipping 
(to  the  left)  set  of  major  shear  surfaces  and  overlain  by  the  shear  body.  Location:  southern  Illinois,  "Quality  Circle," 
study  area  5,  mine  B. 


Figure  18.       Detail  of  figure  1  7— major  shear  surfaces,  a  set  of  very  low-angle  normal  faults  bordering  the  shear  body  (light  rock, 
uppi  i  i  uiK.ii  iruj  finely  laminated  shale  below.  Note  the  associated  drag  folds  (soft-sediment  folds 

above  compass)  wi  i  hear  zona. 
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Within  the  shear  body,  a  peculiar  def ormational  facies  of  rock  has 
developed.   The  dominant  lithology  is  soft,  greenish  claystone  or  altered 
shale  having  highly  contorted  bedding,  intensely  sheared.   Also  found  are 
blocks  and  layers  of  finely  laminated,  microfaulted  siltstone  or  sandstone 
(figs.  20,  21)  ,  brecciated  dark-gray  shale  with  siderite,  and  blocks  of  bony 
coal.   Nothing  similar  has  been  found  in  any  other  study  area.   This  def or- 
mational facies  is  penetrated  by  a  great  number  of  horizontal  to  gently 
dipping  slickensided  shear  surfaces. 

Roof  failures  in  the  shear  body  are  abundant.   As  shown  in  figure  15, 
many  roof  falls  have  developed  in  the  shear  body  and  along  its  margins. 
The  average  height  of  falls  is  15  to  20  feet  (4^  to  6m).   Entries  essential 
for  haulage,  air,  and  travel  could  be  kept  open  only  by  additional  support 
such  as  massive  cribbing  and  steel  beams.   Roof  bolts  did  not  sufficiently 
anchor  in  the  intensively  sheared  rock,  and  failed. 

Although  this  is  the  first  shear  body  ever  to  be  described  in  strata 
above  the  Herrin   (No.  6)  Coal,  there  is  no  reason  to  assume  it  is  unique. 
Its  origin  is  believed  to  be  the  result  of  gravitational  sliding.   Similar 
features  have  been  described  for  other  regions  (Potter,  1957,  and  Voigt, 
1969). 


Significant  jointing  is  encountered  only  in  the  dark-gray  shale  facies 
at  mine  B.   The  joints  strike  N  60   to  80  E  and  generally  penetrate  less 
than  one  foot  vertically  into  the  roof.   Their  spacing  is  generally  about 
five  to  ten  joints  per  foot.   These  joints  may  contribute  to  slabbing  of 
the  immediate  roof,  but  generally  do  not  cause  major  roof  falls. 


Figure  19.       Nearly  horizontal  shear  zone  of  a  set  of  shear  surfaces  enclosing  dragged,  folded,  and  sheared  dark-gray  shale;  main 

shear  movement  of  each  upper  shear  bed  is  toward  the  left  and  has  truncated  the  top  of  a  major  roll  of  silty  medium- 
gray  shale.  This  indicates  that  formation  of  shear  body  continues  after  or  even  postdates  formation  of  rolls;  however, 
small  low-angle  antithetic  faults  truncate  shear  zone  of  dark-gray  shale  and  remnant  of  rolls,  so  these  postdate  both  rol 
and  shear  zone.  Section  from  bottom  of  photo  to  top:  (A)  coal  slightly  deformed  by  fault  in  roll  (left  side  of  photo), 
(B)  laminated  silty  shale  within  the  roll,  (C)  folded,  sheared,  and  intensively  contorted  dark-gray  shale  in  shear  zone, 
and  (D)  greenish  claystone  of  main  shear  body.  Scale:  holes  in  aluminum  frame  are  one  foot  (30.5  cm)  apart. 
Location:  southern  Illinois,  "Quality  Circle,"  study  area  5,  mine  B. 
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Figure  20.       Microfaulted  laminated  silty  shale  and  siltstone.  Low-angle  and  high-angle  shear  planes  are  adjacent  and  are  of  a  single 
deformational  action.The  microfault  pattern  resembles  the  lower  portion  of  seismites  described  by  Seilacher  (1969). 
Mass  movement  in  general  is  downward,  and  each  lower  portion  has  moved  laterally  toward  the  south  (left  in  photo). 
Major  shear  plane  is  subparallel  to  bedding  just  above  coal.  Coal  itself  is  affected  only  at  extreme  top.  Location:  south- 
ern Illinois,  "Quality  Circle,"  study  area  5,  mine  B. 


Figure  21.       Detail  of  figure  20. 
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In  study  area  4,  mine  B  (fig.  13)  roof  falls  and  kink  zones  have  a 
strong  tendency  to  extend  in  a  north-south  direction.   (Kink  zones  are 
narrow  zones  of  compressional  cracking  and  sagging  which  develop  in  the 
immediate  roof  after  mining.)   The  cause  of  this  north-south  weakness 
is  not  known,  but  it  should  be  noted  that  it  trends  parallel  with  the 
Rend  Lake  Fault  System  that  passes  about  1000  feet  (300  m)  west  of  the 
study  area. 


Black  shale-limestone  roof  types 

Three  areas  having  the  black  shale-limestone  roof  type  were  mapped 
in  mine  A.   This  roof  type  was  also  examined  in  less  detail  at  several 
other  surface  and  underground  mines.   The  geologic  and  roof  control 
problems  in  the  black  shale~limestone  roof  type  differ  considerably 
from  those  found  in  gray  shale  roof. 

The  generalized  roof  rock  sequence  at  mine  A  is  shown  in  figure  22. 
The  lowest  stratigraphic  member  is  the  Anna  Shale,  which  reaches  a  maximum 
thickness  of  five  feet  (1.5  m)  and  is  usually  two  to  three  feet  (0.6  to 
0.9  m)  thick;  however,  the  Anna  Shale  may  be  absent  locally. 
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Figure  22.    Black  shale  limestone  roof;  sequence  of  rock  stratigraphic  members  at  mine  A. 
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Two  distinct  subunits  of  the  Anna  Shale  have  been  recognized  at  mine 
A.   The  lower  subunit  is  black,  hard,  fissile,  "slaty"  shale,  significantly 
well  jointed  and  containing  large  spheroidal  concretions.   The  upper  sub- 
unit   consists  of  a  poorly  bedded,  mottled,  weak  shale  containing  two  per- 
sistent thin  bands  of  phosphatic  nodules.   Where  the  Anna  Shale  is  less 
than  one  foot  (0.3  m)  thick,  the  entire  member  is  fissile.   Where  the 
Anna  Shale  is  more  than  one  foot  thick,  it  shows  both  subunits  in  most 
cases. 

The  Anna  Shale  generally  is  a  firm  roof  material,  although  the  lower 
layers  tend  to  slab  along  joint  planes.   Concretions  pose  a  local  hazard 
that  can  be  countered  by  pulling  them  down  or  bolting  through  them.   Local 
roof  falls  to  the  base  of  the  overlying  limestone  occur  where  the  upper 
mottled  subunit  is  not  strong  enough  to  be  self-supporting;  however,  large 
roof  falls  in  the  Anna  Shale  do  not  result  from  its  lithologic  composition 
alone,  but  are  related  to  slips,  minor  faults,  and  densely  spaced  joints  that 
penetrate  the  entire  Anna  Shale  and  add  to  other  structural  weaknesses. 

Overlying  the  Anna  Shale,  or  forming  the  immediate  roof  where  the 
Anna  Shale  is  absent,  is  the  Brereton  Limestone.   This  member  is  the  key 
to  roof  stability  at  mine  A.   Where  it  forms  the  immediate  roof,  it  is 
five  to  more  than  ten  feet  (1.5  to  >3  m)  thick,  and  roof  falls  are  prac- 
tically unknown  (figs.  23-25).   The  basal  "clod"  layer,  consisting  of  a 
few  inches  of  calcareous  shale,  tends  to  crumble  away  between  header 
boards,  but  is  only  a  minor  hazard  in  the  mines  studied  (fig.  26).   As 
the  Anna  Shale  thickens  beneath  the  Brereton  Limestone,  the  limestone 
thins  and  at  many  places  pinches  out  (fig.  27).   The  limestone  was  not 
observed  to  fail  where  more  than  two  feet  (>0.6  m)  thick,  but  roof  falls 
are  common  where  the  limestone  is  less  than  two  feet  thick,  and  slips  or 
other  deformational  structures  weakened  the  cohesiveness. 

The  "Jamestown  Coal  interval"  at  mine  A  ranges  in  thickness  from  a 
few  inches  to  a  little  more  than  a  foot  (>0.3  m)  and  includes  carbonaceous 
shale,  lenticular  limestone,  and  thin  layers  of  coal.   It  is  an  interval  of 
the  roof  prone  to  fail  without  the  support  of  the  underlying  Brereton  Lime- 
stone, but  where  it  is  underlain  by  two  or  more  feet  (>0.6  m)  of  limestone, 
roof  stability  is  satisfactory.   In  small  areas  (figs.  24  and  25),  all 
lower  units  are  absent  and  the  "Jamestown  Coal  interval"  directly  overlies 
the  Herrin  (No.  6)  Coal.   Major  roof  falls  are  abundant  in  these  areas 
because  of  the  absence  of  competent  strata  close  to  the  coal  (fig.  28). 

The  Conant  Limestone  above  the  Jamestown  Coal  interval  is  the  most 
persistent  roof  rock  member  at  mine  A  and  maintains  a  thickness  of  about 
one  foot  throughout  the  study  areas.   It  is  neither  thick  enough  nor 
strong  enough  to  prevent  roof  failure  where  the  Brereton  Limestone  is 
absent,  however.   The  Conant  Limestone  is  not  known  to  form  the  immediate 
roof  within  the  mapped  areas. 

Overlying  the  Conant  Limestone  is  the  Lawson  Shale,  a  very  weak  member 
of  the  roof  sequence  at  mine  A.   This  member,  two  to  fifteen  feet  (0.6  to 
4.6  m)  thick,  consists  mainly  of  weak,  poorly  bedded,  mottled,  greenish 
shale  with  abundant  slickensided  surfaces.   Where  the  Lawson  Shale  is  thick, 
two  subunits  can  be  distinguished:   a  lower,  moderately  firm,  dark-gray 
shale,  locally  calcareous,  and  an  upper  mottled  shale.   Where  the  Lawson 
Shale  is  exposed  by  failure  of  underlying  strata,  massive  falls  extending 
through  the  Lawson  Shale  to  the  base  of  the  Bankston  Fork  Limestone  may 
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Distribution  of  roof  falls  and  their  relation  to  the  immediate  roof  strata.  No  roof  falls  occur  where  Brereton  Limestone 
directly  overlies  the  Herrin  (No.  6)  Coal,  although  some  shallow  flaking  of  "clod"  may  occur  locally.  Study  area  1 , 
mine  A,  west -central  Illinois.  Grid  interval  >s  200  feet  (61  m). 
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Figure  24.       Distribution  of  roof  falls  and  their  relation  to  the  immediate  roof  strata.  No  roof  falls  occur  where  Brereton  Limestone 
directly  overlies  the  Herrin  (No.  6)  Coal,  although  some  shallow  flaking  of  "clod"  may  occur  locally.  Study  area  2, 
mine  A,  west -central  Illinois.  Grid  interval  is  200  feet  (61  m). 
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Figure  26.       Limestone  of  the  Brereton  forms  stable  roof.  About  the  lowest  3  inches  (7  to  10  cm)  of  soft  flaky  "clod"  have  fallen, 
except  above  the  header  boards.  Location:  mine  A,  west-central  Illinois. 


Figure  27.       Wedging  relationship  of  roof  rock  layers;  both  the  Anna  Shale  and  the  Brereton  Limestone  pinch  out  (toward  left  side 
of  photo).  The  "Jamestown  Coal  interval"  has  thin  coal  streaks  and  contributes  to  bedding  separation.  The  overlying 
Conant  Limestone  is  too  thin  to  bridge  stresses  from  one  pillar  to  the  next.  The  Lawson  Shale  is  soft  and  mottled  and 
contains  numerous  low-angle  shear  planes  and  syneresis  cracks.  Location:  mine  A,  west-central  Illinois. 
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occur  (figs.  28,  29).   In  very  few  falls  the  Bankston  Fork  Limestone 
also  has  failed,  exposing  even  higher  strata. 

The  distribution  of  roof  rock  bodies  at  mine  A  is  irregular  and 
variable  (figs.  23-25).   The  Anna  Shale  is  laid  out  in  a  patchy  pattern 
of  irregular  lenses,  most  of  which  are  several  hundred  feet  in  diameter. 
No  preferred  orientation  of  these  lenses  is  apparent.   The  Brereton 
Limestone  forms  the  immediate  roof  in  rather  narrow  belts  or  troughs 
between  the  lenses.   Roof  rock  units  below  the  Bankston  Fork  Limestone 
show  a  reciprocal  relationship  in  thickness;  where  one  unit  increases 
in  thickness  the  other  units  of  the  sequence  thin  (fig.  22).   Lowest 
roof  stability  occurs  where  the  Anna  Shale  and  the  Lawson  Shale  are 
thick  and  the  Brereton  Limestone  is  thin. 

Deformational  structures  observed  in  the  black  shale-limestone 
roof  type  differ  considerably  from  those  found  in  mines  with  the  gray 
shale  roof  type.   The  characteristic  structural  feature  of  mine  A  is 
the  clay  dike.   Damberger  (1970  and  1973)  has  given  a  general  descrip- 
tion of  clay  dikes  in  Illinois.   This  study  has  yielded  many  more  details 
that  may  be  found  in  volume  2.   Clay  dikes  are  irregular  intrusions  of 
clay  from  the  roof  into  the  coal  seam  (figs.  30-32).   Their  inclination 
varies  from  roughly  vertical  to  low  angle,  and  they  range  from  a  mere  film 
of  clay  along  a  minor  fault  to  major  "horsebacks"  several  feet.  wide.   The 
larger  dikes  connect  with  the  roof,  although  they  seldom  extend  more  than 
a  foot  or  so  into  it.   Only  the  larger  dikes  penetrate  the  entire  coal  seam 
to  the  underclay. 


The  filling  of  clay  dikes  consists  of  soft,  usually  light-gray  clay 
or  silty  clay  with  fragments  of  coal  and  roof  rocks  included  in  the  matrix. 
The  filling  was  obviously  intruded  from  above,  but  the  filling  bears 
little  resemblance  to  the  roof  shales  because  of  its  alteration;  how- 
ever, the  clay  mineralogical  content  of  clay  dike  filling  is  much  closer 
to  that  of  the  roof  shale  than  to  that  of  the  underclay  (Stepusin,  personal 
communication,  1978). 

Directly  related  to  clay  dikes  are  minor  faults  we  have  termed  ciay- 
dike  faults    (figs.  33,  34).   These  are  usually  low-angle  normal  faults 
that  lack  clay  filling  but  show  associated  secondary  deformational  features 
in  the  coal  and  roof  strata  which  are  typical  for  clay  dikes,  specifically: 

1.  The  fault  plane  is  generally  shallow  in  the  roof  and  the  top  portion 

of  the  coal.   It  steepens  downward  through  the  coal   and  commonly  dissi- 
pates within  the  coal  in  a  series  of  near-vertical  extension  fractures 
which  are  generally  mineralized  and  form  an  en  echelon  pattern  ("goat 
beards"). 

2.  "False  drag,"  in  which  the  coal  layers  curve  upwards  in  the  footwall 
and  downwards  in  the  hanging  wall,  that  is,  opposite  to  the  direction 
of  normal  drag,  is  abundant  (fig.  34).   As  a  result,  bedding  adjacent 
to  the  fault  plane  tends  to  be  perpendicular  to  the  fault  plane. 

3.  Convergence  of  coal  bedding  at  the  ends  of  lateral  fracture  fillings 
(fig.  33) 
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Figure  28.        Lawson  Shale.  Two  distinct  horizons  can  be  mapped:  a  lower  part  that  consists  of  very  dark  gray  to  almost  black  shale 
that  is  very  calcareous  in  places  and  contains  concretions  (left  side  of  photo)  and  an  upper  part  that  consists  of  abun- 
dantly mottled  soft  greenish  medium-gray  shale  having  numerous  syneresis  cracks.  Location:  mine  A,  west-central 
Illinois. 


Figure  29.  Mottled  shale  with  syneresis  cracks  in  greenish  medium-gray  shale,  above  very  dark  gray  shale,  probably  Lawson  Shale 
(with  syneresis  cracks)  above  Anna  Shale.  Note  mot  bolts  hang  out  baie;  the  soft  shales  have  fallen  because  of  moistui 
slaking,  in  the  centei  01  ioof  fall,  even  bolt  anchors  have  fallen  out.  Location:  a  mine  in  east-cunnal  Illinois. 
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Figure  30.       Clay  dike  and  clay-dike  fault  in  Herrin  (No.  6)  Coal.  Angular  fragments  of  unaltered  and  altered  black  shale  from  the 
roof  and  of  coal  in  the  clay  matrix  demonstrate  the  brittle  behavior  of  the  material  during  deformation.  Synthetic  and 
antithetic  minor  faults  are  displayed.  Note  also  the  plastic  behavior  of  coal,  particularly  at  the  end  of  the  small  clay 
intrusion  upward,  in  the  upper  footwall  block.  Displayed  there  is  a  convergence  structure  of  the  coal  laminae.  Location: 
mine  A,  west-central  Illinois. 


Figure  31.       Detail  of  figure  30. 
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Figure  32.       Complex  clay  dike  in  the  Herrin  (No.  6)  Coal.  Roof  is  Brereton  Limestone,  which  is  displaced  downward  to  the  east. 
Fusain  layer  in  the  center  of  the  coal  seam  is  bent  downward  east  of  clay  dike,  fractured  within  the  clay  dike,  and  off- 
set immediately  west  of  the  dike.  Note  the  associated  small  low-angle  clay-dike  faults  and  the  numerous  extension 
fractures  ("goat  beards")  and  the  coal  fragments  in  the  clay  matrix. 
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Figure  33.       Clay-dike  faults  dissecting  the  Herrin  (No.  6) 

Coal  and  associated  rock  strata.  The  faults  result 
not  from  vertical  movements,  but  mainly  from 
horizontal  extension  of  the  strata,  as  indicated  by 
collapsed  grabenlike  structures  in  the  upper  coal 
benches  and  rebound  horstlike  structures  in  the 
underclay  and  lowest  coal  benches.  Note  the 
convergence  of  the  coal  bedding  in  places,  the  en 
echelon  extension  fractures  ("goat  beards")  and 
the  splitting  .iihI  (lownw.nd  steepening  of  the 
faults  in  tin,'  (.o,il  seam,  Location:  mine  A,  west- 
centidl  1 1 1 1  >  ■  •  lis 


Figure  34.       Clay-dike  faults  forming  graben  at  the  top  (note 
the  intensely  sheared  gray  shale)  and  a  horst  at 
the  bottom  of  the  Herrin  (No.  6)  Coal.  Low-angle 
normal  faults  in  shales  above  the  coal  steepen 
downward  into  the  coal  and  dissipate  in  the  form 
of  en  echelon  extension  fractures  ("goat 
beards").  Farther  down  in  the  coal  seam,  faults 
also  form  an  en  echelon  pattern  and  produce  a 
step-faulted  horst.  Note  convergence  features  of 
coal  beds  (upper  left  area)  and  false  drag.  Total 
deformation  is  due  mainly  to  horizontal  exten- 
sion with  little  or  no  vertical  throw  of  strata. 
Locatiim     i  mine  in  west -central  Illinois. 


-31- 


4.  Clay-dike  faults  usually  strike  parallel  to  lithologic  boundaries 
in  the  immediate  roof  and  dip  toward  the  rock  bodies  in  which  they 
occur. 

5.  The  underclay  is  mostly  buckled  upward  where  clay  dikes  or  the  asso- 
ciated faults  penetrate  the  entire  coal  seam. 

The  above  features  indicate  that  clay  dikes  and  clay-dike  faults 
were  formed  by  lateral  extension  of  the  coal  seam  during  diagenesis.   In 
many  cases,  clay  squeezed  in  along  the  opening  fissures,  forming  clay  dikes. 
In  other  places  where  the  amount  of  extension  was  insufficient,  no  clay 
entered,  but  slickensided  clay-dike  faults  developed. 

Clay  dikes  themselves  rarely  cause  major  roof  falls  because  they  sel- 
dom extend  more  than  a  foot  or  two  into  the  roof.   Larger  clay-dike  faults, 
however,  can  seriously  affect  roof  stability,  particularly  where  two  or 
more  intersect  above  the  coal  seam.   The  largest  clay-dike  faults  found 
offset  the  coal  as  much  as  18  feet  (5.5  m)  and  displace  strata  through  the 
Bankston  Fork  Limestone.   Major  roof  falls  result  from  these  faults  and  al- 
teration in  the  mining  plan  is  necessary.   More  details  are  presented  on 
this  topic  in  the  next  section. 

As  in  mines  B  and  C,  joints  at  mine  A  contribute  only  to  a  few  large 
roof  falls,  but  slabbing  between  joint  planes  is  a  common  hazard.   Joints 
are  common  in  conjugate  vertical  sets  in  an  orientation  N  55°  to  80°  E  and 
N  145°  to  160°  E  with  a  spacing  of  about  three  to  ten  per  foot. 

Joints  normally  penetrate  only  the  lower,  fissile  portion  of   the 
Anna  Shale  and  result  in  only  minor  slabbing  of  that  unit.   All  major 
roof  falls  at  mine  A  are  caused  by  absence  of  competent  strata  (Brereton 
Limestone)  in  the  roof  sequence,  especially  where  clay-dike  faults  are 
present. 

MAPS  AND  EXPLANATION  OF  THE  GEOLOGY  IN  SELECTED  STUDY  AREAS 

Seven  study  areas  in  three  mines  were  mapped  in  detail,  and  a  wide 
variety  of  geologic  maps  were  prepared.   Only  the  compilation  maps  are 
presented  here  (figs.  13-16,  23-25,  and  35-37).   For  a  more  complete 
suite  of  maps,  the  reader  is  directed  to  volume  2  of  Krausse  et  al.,  1979. 
Similarly,  only  three  examples  of  regional  computer-generated  maps  (figs. 
38-40)  have  been  included  here.   Additional  ones  are  included  in  volume  2  of 
the  complete  report.   Figures  39  and  40  present  a  generalized  picture  of  the 
thicknesses  and  structures.   Because  of  the  wide  spacing  of  the  datum  points 
(an  average  data  density  of  less  than  1  datum  point  per  square  mile) ,  the  fea- 
tures of  the  maps  are  interpretive  and  do  not  show  true  thickness.   They 
are,  however,  useful  as  guides  for  thickness  trends  and  statistical  variabil- 
ity of  the  rock  units  in  different  areas  of  the  state.   The  maps  of  study 
areas  1  to  3  at  mine  A  (figs.  23-25,  35-37)  display  similar  lithologic,  struc- 
tural, and  roof-stability  patterns.   The  relationship  between  roof  lithology 
and  roof  stability  is  apparent.   No  significant  roof  falls  occur  in  areas  of 
immediate  limestone  roof,  but  numerous  falls  have  been  spotted  in  regions  of 
Anna  Shale  or  "Jamestown  Coal  interval"  roof.   Fewer  falls  occur  adjacent  to 
immediate  limestone  roof  areas  than  farther  away  from  them,  because  adjacent 
to  limestone  roof  areas  the  Brereton  Limestone  is  present  above  the  Anna 
Shale.   Limestone  tends  to  thin  and  pinch  out  as  the  Anna  Shale  thickens. 


Figure  35.       Distribution  of  clay-dike  faults  and  clay  dikes  in  the  Herrin  (No.  6)  Coal  and  its  immediate  roof  strata  and  of  roof  falls 
and  other  induced  instabilities  in  study  area  1 ,  mine  A.  The  occurrence  of  roof  falls  is  a  function  of  two  geologic 
variables:  (1 )  lithologic  distribution  and  pattern  of  roof  rocks  and  (2)  structural  setting  and  fault  pattern.  Roof  falls  are 
abundant  along  faults  and  slips;  however,  there  appears  to  be  a  greater  affinity  of  roof  falls  to  the  lithology  than  to 
faults.  Grid  interval  is  200  feet  (61  m).  (See  also  appendix  figure  A.) 


Figure  36.       Distribution  of  clay-dike  faults  and  clay  dikes  in  the  Herrin  (No.  6)  Coal  and  its  immediate  roof  strata  and  of  roof  falls 
and  other  induced  instabilities  in  study  area  2,  mine  A.  The  occurrence  of  roof  falls  is  a  function  of  two  geologic 
variables:  (1 )  lithologic  distribution  and  pattern  of  roof  rocks  and  (2)  structural  setting  and  fault  pattern.  Roof  falls  are 
abundant  along  faults  and  slips;  however,  there  appears  to  be  a  greater  affinity  of  roof  falls  to  the  lithology  than  to 
faults.  Grid  interval  is  200  feet  (61  m). 
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«         Datum  point 
Study  area 


800  ft 
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ISGS  1979 


Figure  38.  Computer-generated  map  of  the  elevation  of  the  top  of  the  Herrin  (No.  6)  Coal  at  mine  C,  study  areas  6  and  7.  Struc- 
tural anomalies  of  the  top  of  the  coal  reflect  anomalies  in  the  roof  strata  of  mainly  laminated  siltstone  and  sandstone, 
which  locally  impose  severe  problems  for  roof  control.  Contour  interval:  two  feet;  grid  size:  100  feet. 
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Figure  39.       Thickness  trends  of  the  Anna  Shale  Member  in 
Bond  and  Montgomery  Counties.  The  isopach 
map  shows  the  patchy  and  very  lenticular  occur- 
rence of  the  Anna  Shale  just  as  it  was  observed 
for  the  "Quality  Circle"  area  and  for  the  rest  of. 
southern  and  southwestern  Illinois.  The  Anna 
Shale  is  generally  less  than  four  feet  (1 .2  m)  thick 
but  may  locally  exceed  six  feet  (1 .8  m)  in  thick- 
ness. Neither  a  regular  distribution  pattern  nor  a 
trend  in  Anna  Shale  thickness  is  visible.  The 
lenticular  pattern,  however,  has  been  observed  in 
study  areas  1 ,  2,  and  3. 


Figure  40.       Thickness  trends  of  the  Brereton   Limestone 

Member  in  Bond  and  Montgomery  Counties.  The 
Brereton  Limestone  occurs  in  lenticular  patches. 
The  isopach  map  at  first  appears  similar  to  the 
previous  one  of  the  Anna  Shale,  but  in  many 
places  a  reciprocal  relationship  between  the 
thickness  of  the  Brereton   Limestone  and  the 
Anna  Shale  is  shown,  just  as  it  has  been  found  in 
study  areas  1 ,  2,  and  3. 


Figures  39  and  40.    Size  of  area-1 ,620  miles2  (3,226  km2);  Average  distance  between  points-1 .6  miles  (2.58  km);  Grid  size-5,000 
feet  (1,525.0  m);  Maximum  search  distance— 50,000  feet  (15,240.0  m);  Number  of  data  points— 817  (about  250 
of  these  were  outside  the  map  area).  Areas  with  >  2  miles  between  data  points:  7N-1W,  6N-1 W,  5N-1 W,  4N-1 W, 
1 1  N-4W,  1 1  N-3W,  10N-5W.  The  heavy  outline  of  the  areas  of  thin,  split  or  missing  coal  was  hand  drawn  inde- 
pendently from  these  maps  using  a  greater  data  point  density. 
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The  relationship  of  faults  to  lithology  is  complex,  but  is  well  shown 
on  the  maps.   Three  general  classes  of  faults  can  be  defined: 

1.  Major  clay-dike  faults  that  have  a  displacement  of  a  seam's  thickness  or  more 
(directional  dip  indicated  on  map  by  solid  triangle) .   A  set  of  these 
faults  is  shown  in  the  northern  part  of  the  area  in  figure  35.   These 

large  faults  tend  to  form  an  en  echelon  pattern  along  the  strike  and 
cut  across  roof  lithologic  boundaries.   A  tectonic  origin  for  these 
faults  cannot  be  completely  ruled  out,  but  certain  features,  notably 
the  false  drag  and  the  shallow  dip  angle  (fig.  41)  strongly  suggest 
that  they  formed  while  sediments  were  not  yet  completely  consolidated. 
Their  distribution  and  orientation  might  be  controlled  by  larger-scale 
depositional  or  compactional  geologic  settings  not  reflected  in  the 
immediate  roof  rock,  and  thus  in  the  maps. 

2.  Clay  dikes  and  clay-dike  faults  displacing  the  top  of  the  coal  seam 
more  than  one  foot  and  extending  into  the  underclay.   These  are  shown 

by  open-square  dip  symbols.   Like  the  major  faults,  many  of  them  tend  to 
follow  rather  straight  courses  without  regard  for  lithologic  boundaries 
and  are  formed  during  diagenesis  in  response  to  large-scale  patterns  not 
directly  reflected  in  the  immediate  roof  (fig.  36,  diagonally  through 
center  of  map) . 

3.  Minor  clay  dikes  and  clay-dike  faults  displacing  the  roof  generally  by 
less  than  one  foot,  but  not  displacing  the  floor  of  the  coal  seam,  are 
shown  on  the  maps  by  hachured  lines.   These  faults  show  a  strong  paral- 
lelism to  roof  lithologic  boundaries.   Most  faults  of  this  type  dip 
toward  the  center  of  the  lithologic  body  within  which  they  occur.   Clay 


Figure  41 .       Clay-dike  fault.  Low-angle  normal  fault  (dip  angle  35'   to  50  )  with  more  than  twelve  feet  (3.6  m)  of  throw  (on  figure 
35,  area  A/9  to  D/  7).  Shales,  calcareous  strata,  and  lower  portion  of  Herrin  (No.  6)  Coal  show  normal  drag,  whereas 
upper  portion  of  the  coal  diplays  false  drag.  Strata  from  the  underclay  of  Springfield  (No.  5)  Coal  up  to  the  Bankston 
Fork  Limestone  are  truncated.  Photo  shows:  A-underclay;  B-Herrin  (No.  6)  Coal;  C-Brereton  Limestone;  D-"James- 
town  Coal  interval",  E-Conant  Limestone;  and  F-Lawson  Shale.  Location:  study  area  1,mine  A,  west-central  Illinois. 
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dikes  are  most  often  found  under  limestone  roofs,  but  clay-dike  faults 
are  just  as  abundant  under  shale  roofs  as  under  limestone  roofs.   The 
pattern  observed  strongly  suggests  that  the  minor  clay  dikes  and  faults 
formed  during  sediment  compaction  and  were  influenced  or  generated  by 
differential  compaction.   As  the  volume  of  coal  and  of  the  associated 
rock  bodies  changed  during  compaction,  extension  fractures  and  slip 
surfaces  developed  to  adjust  for  differences  in  compaction  rates. 

The  maps  of  study  area  4,  mine  B,  show  the  dominantly  dark-gray  Energy 
Shale  roof  (fig.  13).   Medium-gray  shale  roof  (stippled  pattern  on  map)  forms 
a  complex,  digitate  pattern.   Rolls  are  clearly  confined  to  medium-gray  shale 
and  show  rough  parallelism  to  lithologic  boundaries;   however,  roof  failure 
occurs  mainly  along  north-south  headings  and  apparently  is  independent  of 
structure  and  lithology.   As  stated  previously,  this  north-south  orienta- 
tion of  roof  falls  and  kink  zones  is  not  fully  explained.   It  may  be  related 
to  the  north-south-trending  Rend  Lake  Fault  System,  which  passes  west  of  the 
study  area. 

In  study  area  5,  mine  B,  rolls  are  again  confined  to  medium-gray  shale 
roof  areas.   The  map  (fig.  14)  shows  a  strong  tendency  of  the  rolls  to 
parallel  lithologic  boundaries,  but  the  dominant  feature  controlling  roof 
stability  is  the  shear  body,  outlined  by  the  bold  dashed  line  in  figure  15. 
The  spacing  of  roof  falls  in  the  shear  body  area  is  much  denser  than  in  any 
other  area  mapped  for  this  study.   Were  it  not  for  extensive  cribbing  and 
use  of  rail  bars  for  roof  support,  many  large  falls  undoubtedly  would  have 
occurred. 

As  the  map  of  study  area  6,  mine  C  (fig.  42)  indicates,  the  most  severe 
roof  falls  and  rib  rashing  occur  where  the  planar-bedded  sandstone  lies  close 
to  or  directly  on  top  of  the  coal  seam.   The  line  of  demarcation  between  wet 
and  dry  roof  also  relates  to  the  height  of  sandstone  above  the  coal.   In  the 
northeastern  corner  of  the  map,  where  20  feet  or  more  of  medium-gray  shale 
intervenes  between  coal  and  sandstone,  roof  and  ribs  are  dry  and  stable. 

A  similar  pattern  is  seen  in  study  area  7,  mine  C  (fig.  16).   Additional 
mining  problems  resulted  from  steep  inclination  of  the  coal  and  from  large 
sandstone  rolls,  which  generally  strike  southeastward,  parallel  with  the 
sandstone-shale  roof  boundary.   The  largest  roll,  marked  on  the  map  as  the 
"mega-roll,"  necessitated  alteration  of  the  mining  plan  and  grading  entries 
through  rock,  as  face  equipment  could  not  follow  the  steep  inclination  of 
the  coal. 

The  overall  relationship  between  study  areas  6  and  7  is  shown  on  the 
computer-generated  map  of  the  top  of  the  coal  (fig.  38).   In  most  of  the 
map  area,  the  coal  is  roughly  flat-lying  and  has  small  circular  domes  and 
depressions,  but  in  the  vicinity  of  areas  6  and  7,  contour  lines  trend 
northwest  to  southeast,  parallel  with  the  roof  lithologic  and  structural 
trend.   This  parallelism  is  evidence  that  present  structural  features  may 
still  reflect  ancient  topographic  features  and  thus  that  deposition  of 
roof  sediments  may  have  been  influenced  by  coal  topography. 

Two  small-scale  regional  maps  (figs.  39  and  40)  are  presented  as 
examples  of  computer-generated  mapping.   Figure  39  is  a  map  of  the  thick- 
ness of  the  Anna  Shale  in  Bond  and  Montgomery  Counties.   The  patchy,  lenti- 
cular distribution  of  Anna  Shale  is  reflected  on  the  regional  scale  and  has 
been  mapped  similarly  in  mine  A  on  a  larger  scale.   Figure  40  shows  the 
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thickness  of  the  Brereton  Limestone  for  the  same  area.   Although  no  clear 
pattern  of  preferred  llthologlc  distribution  trends  emerges,  a  general 
reciprocal  relationship  between  the  thicknesses  of  the  Anna  Shale  and  the 
Brereton  Limestone  can  be  observed  by  close  comparison  of  the  two  maps. 

OBSERVATIONS  AND  DISCUSSION  OF  ROOF  FAILURE  TRENDS 

An  attempt  was  made  to  quantify  the  observations  made  during  in-mine 
mapping.  A  series  of  tables  correlating  roof  failure  with  roof  lithology 
and  structures  in  the  various  study  areas  was  prepared.   As  expected,  the 
tables  confirm  the  inferences  derived  from  a  study  of  the  maps.   For  presen- 
tation of  tables  and  detailed  discussion,  the  reader  is  directed  to  volume  2. 

The  best  roof  conditions  under  the  black  shale-limestone  roof  type  are  found 
where  thick  limestone  forms  the  immediate  roof.   Black  shale  containing  clay 
dikes  and  clay-dikes  faults  is  less  stable  than  black  shale  without  these 
structural  interruptions.   Roof  stability  increases  in  direct  proportion  to 
thickness  of  the  limestone  overlying  the  black  shale. 

In  study  areas  with  the  gray  shale  roof  type,  undisturbed  medium-gray  shale 
is  the  most  stable  roof  rock,  followed  by  dark-gray  shale,  with  planar-bedded 
siltstone  and  sandstone  the  least  stable.  Again,  presence  of  slips  and  rolls 
decreases  roof  stability,  but  the  highest  percentage  of  fallen  intersections 
was  recorded  within  the  shear  body.  Wet  roof  is  considerably  more  prone  to 
failure  than  dry  roof  in  study  areas  6  and  7. 


MATERIAL  PROPERTIES  AND  DESIGN  CRITERIA 
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Coal,  floor,  and  roof  materials  vary  widely  in  relative  stiffness  (Young's 
modules)  and  strength  (unconfined  compressive  strength),  as  shown  in  figure  43. 

Similarly,  test  values  for  roof-bolt 
pullout  vary  greatly;  a  range  of  6,000 
to  12,000  pounds  pullout  force  was 
recorded  at  one  mine.   In  general, 
massive  rocks  such  as  limestone  or 
unlaminated  siltstone  will  hold  bolts 
better  than  well-bedded  rocks  where 
bedding-plane  separation  can  be  expected, 
such  as  in  the  planar-bedded  sandstone  • 
of  mine  C.   The  laminated  coarse  clastic 
rocks  also  are  lower  in  compressive 
strength  than  nonlaminated,  massive 
shale  or  siltstone.   Another  important 
factor  is  moisture  content;  e.g.,  shales 
high  in  moisture  generally  are  less 
stable  in  mine  openings  than  shales 
low  in  moisture. 


S? 


siltstone 


coal 


underclay 


10"  10J  104  10s 

COMPRESSIVE  STRENGTH 

(pti)  ISGS1979 

Figure  43.       Generalized   rock  strength   of  roof-pillar-floor 
materials  in  Illinois,  based  on  Intact  core  samples. 


Petrographic  factors  and  the 
rock  fabric  have  a  bearing  on  roof 
stability,  but  their  effect  is  generally 
overwhelmed  by  structural  discontinui- 
ties and  disturbances  such  as  bedding 
separation,  fractures,  faults,  and 
rolls: 
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1.  Rocks  that  contain  relatively  little  clay  and  are  cemented  with 
calcite,  dolomite,  siderite,  or  silica  generally  make  stable 
roof  (e.g.,  siltstone  and  massive  sandstone). 

2.  Black  shale,  despite  its  fissility,  is  also  a  relatively  stable 
roof  material  because  the  organic  matter  in  the  shale  is  chiefly 
in  a  colloidal  stage  and  acts  as  binder  for  the  particles,  and 
the  clay  minerals  are  oriented  parallel  to  bedding. 

3.  Argillaceous  siltstones,  mudstones,  poorly  bedded  shales,  and  very 
argillaceous  limestones  cause  roof  instability  because  of  the 
abundance  of  slickensides  and  syneresis  cracks,  and  because  of 
their  permeability  along  fractures  and  affinity  for  water. 

4.  Claystones  result  in  the  most  unstable  roof  because  of  their 
high  content  of  randomly  oriented  clay  minerals,  great 
affinity  for  water,  and  numerous  slickensides  and  syneresis 
cracks. 


CONCLUSIONS 

Geologic  interpretations 

The  lithologic  distribution  patterns  in  both  gray  shale  and  black 
shale-limestone  roof  types  are  much  more  intricate,  irregular,  and  patchy 
than  previously  suspected.   Exploratory  drilling  can  provide  coal  compa- 
nies with  only  a  general  idea  of  roof  conditions  in  the  area,  but  cannot 
be  used  to  map  local,  yet  relevant,  lithologic  patterns  tens  to  a  few 
hundred  feet  in  size.   It  is  precisely  these  local  irregularities  which 
have  the  greatest  influence  on  roof  stability. 

Present-day  distribution  of  roof  rock  reflects  conditions  that 
existed  in  the  coal-forming  swamp  during  and  immediately  after  peat 
accumulation.   In  the  vast,  almost  level,  swamps,  minor  local  variations 
in  topography  and  compaction  of  the  plant  material  probably  had  a  profound 
effect  on  local  sediment  deposition,  regardless  of  whether  conditions 
were  marine  (black  shale-limestone) ,  nonmarine  (gray  shale) ,  or  transi- 
tional (fig.  44). 

In  any  deposit ional  environment,  small  depressions  in  the  swamp 
surface  would  have  been  the  first  sites  of  deposition.   The  sediment 
might  have  been  dark-gray  mud  in  the  nonmarine  environment  or  black  mud  in 
the  marine  situation.   These  sediments,  which  became  the  dark-gray  facies 
of  the  older  Energy  Shale  and  the  younger  Anna  Shale,  respectively,  both 
have  much  in  common.   Both  are  fine  grained,  finely  laminated,  and  contain 
a  high  content  of  carbonaceous  matter;  these  conditions  indicate 
deposition  in  quiet  anoxic  water. 

As  the  dark  sediments  accumulated,  their  weight  caused  the  underlying 
spongy  peat  to  compress,  deepening  and  widening  the  depression  and  allowing 
continued  sedimentation  up  to  a  certain  compactional  stage  of  the  peat, 
until  a  more  regional  change  in  depositional  environment,  such  as  trans- 
gression or  regression  of  the  sea,  occurred  to  change  the  nature  of  the 
sediment  being  deposited.   Medium-gray  mud  began  to  accumulate  above  the 
dark-gray  shale  in  nonmarine  areas,  and  the  Brereton  Limestone  was  deposited 
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Figure  44.       Diagram  of  the  common  relationship  between  the  first  two  units  of  roof  rock  immediately  above  the  Herrin  (No.  6) 
Coal  and  their  effect  on  topography  of  the  surface  of  the  coal.  (Vertical  scale  is  greatly  exaggerated.) 


above  the  Anna  Shale  in  marine  areas.   Even  younger  sediments  were 
deposited  over  the  older  sediments  or  on  top  of  the  still  uncovered 
peat. 

During  all  this  time,  the  coal-forming  material  continued  to 
compact  differentially  depending  on  the  amount  of  previous  compaction 
and  the  additional  weight  of  the  accumulating  overburden.   Eventually, 
early  compaction  decreased  as  the  peat  approached  compressibility 
limits  in  the  areas  of  longest  and  thickest  sedimentation.   Sedimen- 
tation slowed  in  these  areas,  whereas  adjacent  areas,  where  the 
peat  was  still  compactable,  continued  to  receive  sediment.   Thus, 
an  inverse  thickness  relationship  could  develop,  e.g.,  the  areas  with 
thickest  Anna  Shale  would  receive  the  thinnest  limestone,  and  vice 
versa. 

The  primary  depositional  shape  of  the  rock  bodies  was  deformed 
locally  by  various  processes,  such  as  loading,  compaction,  or  gravity 
sliding.   The  most  spectacular  example  is  the  shear  body  at  mine  B. 
Smaller-scale  soft-sediment  flow  and  slump  is  indicated  by  folded 
laminations  near  rolls  in  gray  shale  and  sandstone.   In  the  black 
shale-limestone  roof  type,  less  direct  evidence  of  lateral  flow  and 
folding  has  been  found,  but  lateral  adjustment  also  occurred  in  shale 
units  during  compaction,  as  shown  by  secondary  thinning  of  beds. 


Practically  all  the  deformational  features  mapped  during  this 
study  can  be  attributed  to  soft-sediment  deformation  in  a  broad  sense, 
that  is,  they  were  formed  before  the  sediments  were  fully  compacted  and 
lithified.   Sediments  vary  widely  in  their  original  mechanical  and 
chemical  properties  and  in  their  rates  of  lithif ication.   Some  rock 
units,  notably  coal,  may  have  reacted  to  overburden  stress  by  brittle 
deformation,  while  other  lithologies  reacted  by  ductile  flow  or  plastic 
deformation.   In  some  cases,  plastic  and  brittle  deformation  have  occurred 
side-by-side  in  the  same  coal  or  rock  unit. 

The  different  deformational  elements  in  the  gray  shale  roof  type 
in  contrast  to  those  in  the  black  shale-limestone  roof  type  probably 
relate  to  different  physical  properties  of  the  original  sediments. 
Depositional  environment,  rate  of  accumulation,  and  rate  of  compaction 
certainly  also  have  a  major  influence  on  deformation.   As  yet,  however, 
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we  cannot  show  what  property  of  medium-gray  shale  is  conducive  to  roll 
formation,  or  what  properties  of  the  black  shale-limestone  roof  lead 
to  formation  of  clay  dikes. 

For  the  area  of  mine  B,  Edwards  (1976)  has  suggested  a  hypothesis  on 
roll  formation,  which,  however,  is  not  easily  applicable  to  roll  formation 
in  other  areas,  as,  for  instance,  that  of  mine  C:   the  first  stage  is  deposi- 
tion of  dark-gray  shale  in  depressions  in  the  peat  swamp  (fig.  45a).   Next, 
medium-gray  shale  is  laid  down  as  a  blanket  deposit  over  the  peat  and  dark- 
gray  shale  (b).   In  the  third  stage,  compaction  of  the  peat  creates  an  inver- 
sion of  topography,  leaving  dark-gray  shale  lenses  as  highs  (c)  down  which 
medium-gray  shale  could  slump.   Masses  of  gray  shale  could  then  intrude  into 
irregularities  in  the  peat,  lifting  up  the  top  layers  to  form  the  "rider."   The 
final  result  is  that  lenses  of  shale  remain  within  the  coal,  with  coal  "riders"  above, 

As  previously  noted,  the  shear  body  in  study  area  5  is  interpreted  as 
a  gravitational  sliding.   It  is  younger  than  rolls,  as  shown  by  truncation  of 
the  tops  of  rolls  by  the  shear  body  (fig.  19).   The  triggering  event  might 
have  been  an  earth  tremor,  or  simply  pure  overburden  stress  initiating  the 
slide  along  a  very  gently  sloping  surface. 


Clay  dikes  and  clay-dike  faults  are  the  dominant  deformational  features 
of  the  black  shale-limestone  roof  type.   Like  rolls,  they  are  diagenetic 
deformational  features,  formed  under  sediment  cover.   They  apparently  devel- 
oped after  the  first  coalif ication 
stage  of  the  plant  material,  but 
prior  to  ordinary  cleat  formation, 
as  coal  cleats  are  not  deformed  in 
the  vicinity  of  clay  dikes.   The 
clay  definitely  was  intruded  from 
above.   The  structure  of  faults, 
dikes,  and  associated  features  indi- 
cates that  lateral  extension,  rather 
than  vertical  movement,  predominated. 
The  stretching  and  fracturing  of  the 
coal  seam  might  have  been  a  gradual 
process  during  diagenesis.   A  sudden 
reaction  and  relief  of  overburden 
loading  may  have  caused  the  fractur- 
ing of  the  coal  and  formation  of 
clay  dikes,  or,  as  Damoerger  (,1970, 
1973)  has  suggested,  earthquakes  may 
have  been  responsible  for  rupturing 
the  coal  and  intrusion  of  the  clay. 


^--—  --~~~           *~~~~""v~~^ 
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Medium-gray  shale 
Dark-gray  shale 
Peat  (coal) 

Figure  45.        Interpretive  sequence  of  roll  formation.  (From 
Edwards,  1976.) 
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Recommendations 

This  irvestigation  has  shown  that  roof  stability  is  closely  related 
to  the  geologic  setting  and  patterns  that  are  highly  variable,  intricate, 
and  difficult  to  predict  in  advance  of  mining.   Roof  conditions  may 
change  abruptly  within  a  distance  of  less  than  100  feet  (30  m) .   In  one 
entry  the  roof  may  remain  stable  for  the  life  of  the  mine  with  a  minimum 
of  artifical  support,  while  the  adjacent  entry  ma}'  collapse  immediately 
unless  additional  support  has  been  installed.   Therefore,  much 
greater  flexibility  in  roof  control  planning  is  needed. 

In  gray  shale  roof  areas,  rolls  can  be  a  major  roof  hazard.   Roof 
bolts  always  should  be  anchored  well  above  the  coal  "rider"  so  that  sepa- 
ration cannot  occur  along  this  plane  of  weakness.   For  small  rolls  it  might 
be  advantageous  to  bring  down  the  shale  lens  below  the  "rider"  before  bolt- 
ing.  Very  large  rolls  may  require  timbers  or  cribs  in  addition  to  roof 
bolts. 

Planar-bedded  siltstone  and  sandstone  also  make  the  mine  roof 
difficult  to  control.   Where  roof  bolts  of  equal  length  are  used,  the 
siltstone  strata  tend  to  separate  at  the  next  bedding  plane  in  or  above 
the  bolt  anchors.   In  this  case  roof  control  might  be  improved  by  using 
bolts  of  several  different  lengths  to  reduce  the  splitting  effect  anchors 
may  impose  and  to  distribute  the  load  over  several  bedding  surfaces.   Resin 
bolts  could  help  further  by  binding  rock  layers  together  along  the  entire 
length  of  the  bolt.   In  many  cases,  however,  bolts  would  have  to  be  supple- 
mented by  cribs  or  timbers. 

A  shear  body  like  that  encountered  in  study  area  5  presents  a  real 
challenge  in  roof  control.   Mechanical  bolts  are  of  little  value,  as  their 
anchors  will  not  take  sufficient  hold  in  densely  sheared  rock.   Use  of  resin 
bolts  of  different  lengths  would  probably  be  an  improvement,  but  a  comprehensive 
roof  control  program  would  demand  additional  support  by  cribs,  3-piece  sets, 
and  rail  bars  set  into  the  ribs.   This  additional  support  should  be 
placed  as  soon  as  the  sheared  roof  condition  is  recognized. 

In  black  shale-limestone  roof  areas,  the  Brereton  Limestone  as 
immediate  roof  requires  the  minimum  artificial  support.   In  mined-out 
areas,  entries  with  limestone  roof  have  remained  stable  for  more  than 
20  years  without  any  artificial  support.   In  areas  of  black  shale, 
roof  bolts  should  be  anchored  at  least  one  foot  (0.3  m)  into  the  first 
limestone  bed  more  than  two  feet  (>0.6  m)  thick.   The  position  of  the 
limestone  can  be  determined  by  drilling  test  holes  with  the  bolting 
machine.   Where  no  limestone  more  than  two  feet  thick  exists  within  an 
interval  of  10  to  15  feet  (3  to  4.5  m)  above  the  top  of  the  coal,  timbers 
may  be  needed  for  long-term  support. 

Clay-dike  faults  are  generally  too  variable  in  strike  and  continuity 
to  allow  major  alterations  of  the  mining  plan  to  avoid  them;  however,  local 
changes  in  pillar  layout  can  be  made  to  avoid  having  large  faults  run  paral- 
lel to  mine  openings  over  a  long  distance.   Major  tectonic  faults  and  fracture 
zones,  and  kink  zones  such  as  the  north-south  set  encountered  in  study  area 
4,  are  more  predictable.   Frequently  roof  control  may  be  improved  by  turning 
entries  at  an  angle  to  fracture  or  kink  zones. 
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In  long-term  mine  planning  and  projections,  core  drilling  is  the  most 
important  method  of  obtaining  data.   Drilling  data,  however,  cannot  provide 
a  detailed  map  of  roof  conditions  in  advance  of  mining,  but  it  can  and  should 
be  used  to  determine  the  roof  rock  type  and  sequence  and  its  range  of  varia- 
bility.  Attention  to  coring  the  roof  and  floor  should  be  given.   A  minimum 
of  30  feet  (9  m)  of  roof  and  10  feet  of  the  floor  should  be  cored  in  every 
test  hole.   Some  drill  holes  should  provide  cores  of  the  entire  bedrock  suc- 
cession to  more  than  10  feet  below  the  coal  to  establish  correlation 
of  stratigraphic  units.   The  cores  should  be  carefully  logged  and  the  data 
used  to  compile  lithologic  thickness  and  facies  maps.   In  addition,  the  cores 
should  be  sampled  to  gain  geotechnical  data,  particularly  for  the  purpose  of 
rock-mechanical  and  mineralogic-petrographic  analysis,  to  supplement  the  geo- 
logic interpretations. 

Coal  mine  planners  should  attempt  to  learn  as  much  as  possible  about 
earlier  mining  experience  in  the  area  in  which  they  contemplate  mining. 
Knowledge  of  many  previously  experienced  factors,  for  instance,  roof  rock 
type,  faults,  and  kink  zone  orientation,  can  help  greatly  in  laying  out 
a  mine  to  minimize  roof  problems.   Many  roof  failure  patterns  occur  con- 
sistently throughout  a  mining  district.   The  Illinois  State  Geological 
Survey  maintains  a  large  quantity  of  information  on  geologic  conditions 
in  coal  mines  in  Illinois. 

Additional  recommendations  include  training  underground  personnel 
in  basic  recognition  of  geologic  features  that  pose  a  hazard  to  roof 
stability  and  maintaining  a  mapping  program  to  record  (1)   roof  lithology, 
(2)   structural  geologic  features,  (3)   location  and  time  of  roof  falls 
in  relation  to  time  of  coal  removal,  (4)   bolting  type,  spacing,  and 
pattern,  and  (5)   location  and  time  of  additional  roof  support.   Intensi- 
fication of  underground  surveying  and  systematic  sampling  of  coal  and  floor 
and  roof  rocks  for  geologic  and  rock-mechanical  testing  and  analysis  is 
also  recommended.   Data  from  exploration  drilling  and  mapping,  mine 
surveys,  structural  analysis,  coal  analysis,  technical  analysis  of  roof 
and  floor  rock,  rock-mechanical  testing,  and  roof  failures  in  particular 
areas  may  be  conveniently  stored  and  retrieved  with  the  aid  of  a  computer 
as  a  supplement  to  existing  data  files  that  are  open  to  the  public,  such 
as  those  at  the  Illinois  State  Geological  Survey. 
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Figure  C.         Distribution  of  lithology,  of  clay-dike  faults  and  clay  dikes  in  the  Herrin  (No.  6)  Coal  and  its  immediate  roof  strata,  and 
of  roof  falls  and  other  induced  instabilities  in  study  area  3,  mine  A.  (See  also  fig.  37,  p.  34.) 
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